INTRODUCTION:
Idiopathic scoliosis is believed to be a complex genetic disorder dependent upon multiple factors that influence its expression. Despite the documentation of the genetic nature of this disorder, the mode of inheritance is unclear. Previous studies have suggested an autosomal dominant, X-linked or multifactorial mode of inheritance. Most recently, complex segregation analyses have indicated a Mendelian model with sex-dependent penetrances. This controversy regarding the inheritance pattern of IS served as the rationale to investigate X-linkage as a potential inheritance pattern in familial idiopathic scoliosis (FIS).
Through the acquisition of a large sample of families affected with idiopathic scoliosis, genomic screening and statistical linkage analysis, we have previously reported on Xq26 as a susceptibility locus for FIS within a subgroup of FIS families. The current study investigates this locus further through the use of a customized dense panel of biallelic markers within this same sample population. The overall goal of this project is the identification of gene(s) or genetic variations that influence the incidence and progression of this disorder.
METHODS:
202 families (1198 individuals) with two or more affected individuals (evidence of a ten-degree sagital curvature (Cobb angle) on standing AP spinal radiographs) were recruited with IRB approval, underwent genomic screening and statistical model-independent and dependent linkage analyses. Within the initial population the likelihood of each family to represent either an X-linked dominant (XLD) or an autosomal dominant (AD) mode of inheritance pattern was calculated using VITESSE. Families were then stratified based on the ratio of the likelihood of an X-linked dominant inheritance model relative to that of an autosomal dominant model (L(XLD)/L(AD).
Analyses from model-independent linkage analyses of the 15% of the families most likely to have XLD inheritance showed a potential locus of susceptibility on chromosome X (see results below). One single family with 6 affected individuals was found to be the most influential in the overall results. The 15% families most likely to have XLD inheritance underwent fine mapping with biallelic markers. Custom oligo pools (SNP panels) were designed for the region using the National Center for Biotechnology Information (NCBI) dbSNP chromosome report in conjunction with contracted services through the Center of Inherited Disease Research (CIDR). SNPs were selected on the reported heterozygosity and location. Physical positions for the SNPs were obtained from the NCBI dbSNP database. A minimum heterozygosity of 0.2 and an overall density of 1 SNP/5kb are the goals. Both parametric and non-parametric methods were used in data analyses.
RESULTS:
When analyzing the 202 families using model-independent linkage analysis, no significant p-value was obtained for any X marker when analyzing the entire population of families. Analysis of the top 15% family subgroup resulted in 6 out of 8 adjacent X markers positive at a recombination fraction of 0.3, and a maximum lod score of 1.69 (θ = 0.2) at marker GATA172D05 (approximately 116 Megabases). A lod score of 2.23 at this same marker was found in a single family with 6 affected individuals.
When analyzing the top 15% family subgroup through parametric analysis, lod scores were minimal potentially due to recombinations and heterogeneity. Analysis by nonparametric methods (Whitmore and Haplern method and Kung and Cox method) run using Minx, a version of Mendel showed multiple SNP's with p<0.05, with the most prominent peak inclusive and surrounding marker GATA172D05 from 110-126 Megabases. Due to the prominence of one family identified through earlier work, this family was isolated for analysis. Analyses of this one family narrowed the critical locus to approximately 111-124 Megabases (see Table) .
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DISCUSSION:
Genetic linkage analysis is an effective method in the identification of genetic loci and specific genes responsible for complex genetic disorders. Stratification of a large sample population of families with FIS was used to define a specific subset of families that may be linked to specific genetic determinants involved in the etiology of this disorder.
The results presented support that within a subset of families affected by familial idiopathic scoliosis a genetic determinant on the X-chromosome predisposes individuals to this disorder. Secondarily, the overall work supports the hypothesis that the manifestation of this complex orthopedic disorder is influenced by genetic heterogeneity. Given the variability of familial idiopathic scoliosis, a large carefully identified population has been selected for study in order to enhance the possibility that statistical analysis will yield meaningful results. However, with the identification of subsets of families within this large population, it is possible that further mapping of this area within the identified families representing an X-linked inheritability pattern will aid in the comprehensive study of this locus. The identification of a genetic locus is of major clinical and therapeutic interest and may allow for a deeper understanding of spinal growth and stability.
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